Background: Avoiding or correcting a diagnostic error first requires identification of an error and perhaps deciding to revise a diagnosis, but little is known about the factors that lead to revision. Three aspects of reflective practice, seeking Alternative explanations, exploring the Consequences of missing these alternative diagnoses, identifying Traits that may contradict the provisional diagnosis, were incorporated into a three-point diagnostic checklist (abbreviated to ACT). Methods: Seventeen first and second year emergency medicine residents from the University of Toronto participated. Participants read up to eight case vignettes and completed the ACT diagnostic checklist. Provisional and final diagnoses and all responses for alternatives, consequences, and traits were individually scored as correct or incorrect. Additionally, each consequence was scored on a severity scale from 0 (not severe) to 3 (very severe). Average scores for alternatives, consequences, and traits and the severity rating for each consequence were entered into a binary logistic regression analysis with the outcome of revised or retained provisional diagnosis. Results: Only 13% of diagnoses were revised. The binary logistic regression revealed that three scores derived from the ACT tool responses were associated with the decision
Introduction
The dual process model of reasoning has gained popularity within medical education [1, 2] . This model distinguishes between rapid and slow cognitive processes referred to as System 1 (rapid) and System 2 (slow) [1, 2] . This model is associated with the heuristics and biases literature where System 1 is often characterized as error prone [3] . Although research provides evidence against this characterization [4] [5] [6] [7] , the interpretation remains popular. This proposition has sparked research into diagnostic aids to support the integration of both analytic (System 1) and non-analytic (System 2) processes. Accordingly, two classes of strategies have arisen with the explicit goal of engaging both systems to examine available data.
One strategy focuses on debiasing through the recruitment of metacognition to enhance cognitive processing (i.e. be more cautious or attentive), and consider sources of bias [8, 9] . This approach implies that System 2 can act as a rational corrective agent against diagnostic errors. Attempts to evaluate the effectiveness of metacognitive debiasing strategies have been disappointing; although participants in these studies are able to learn the terminology and the related concepts well, this new knowledge does not improve their diagnostic accuracy [10] [11] [12] .
The second set of strategies aid in mobilizing existing knowledge [13] [14] [15] [16] [17] [18] [19] [20] . These strategies link specific aspects of the clinical problem to prior medical knowledge using prompts in a checklist format. Experimentally, checklists have led to small improvements in diagnostic accuracy [15] [16] [17] 20] . The benefit seems to come from guiding the clinician through a detailed search of the patient case for clinical features that might support their provisional diagnosis or infer alternatives [15, 21] . These cognitive checklists do not focus on actions or behaviors, as in a surgical context [22, 23] , but rather on search strategies and consideration of specific attributes. Key features of effective reflective protocols include an initial or provisional diagnosis followed by identification of important case features, alternative diagnoses, and evidence to confirm or contradict the provisional diagnosis [17] .
To date, research has demonstrated not only that diagnostic accuracy may be improved through enforced (i.e. not self-guided) analysis of available data [14, 15] , but also that these effects are fragile [13, 14, 24] and may depend on having the requisite knowledge to decide when revisions to a provisional diagnosis are necessary [25] . One aspect of error identification and correction that remains unexplored is the mechanism that leads to the decision to change a diagnosis. What factors within the exploration of a patient case may influence whether a clinician decides to take another look or change their diagnosis?
Graber and colleagues [8, 26] synthesized the essential aspects of an analytic approach into four distinct elements: seeking alternative explanations, exploring the consequences of missing these alternative diagnoses, being open to tests that would help differentiate between different differential diagnoses, and being open to uncertainty. We translated these elements of reflective practice into a simple diagnostic checklist (the ACT diagnostic checklist) that asks three questions of the clinician: We studied whether clinicians' decisions to revise a diagnosis is related to their ability to identify case features using the ACT diagnostic checklist.
Materials and methods

Materials
A selection of eight written medical cases were adapted from previous studies [27, 28] . 
Participants
Emergency medicine residents in their first and second year of training at the University of Toronto (UofT) were approached by the principal investigator (MK) and asked to volunteer for the study. Initial recruitment occurred through email linking volunteers to an online survey. However, due to lack of success, additional recruitment was conducted in person with a paper-based survey.
Ethics
In accordance with the World Medical Association Declaration of Helsinki regarding ethical conduct of research involving human subjects, the study was approved by the Ethics Board at St. Michael's Hospital (#15-228).
Procedure
Participants were asked to read a patient case, select an initial diagnosis, use the ACT diagnostic checklist, and select a final diagnosis for each case; participants could diagnose up to eight cases. All participants were first oriented to the ACT diagnostic checklist and then reviewed each case in the same order. While completing each task, the participant was able to see the entire case vignette. Task one: Participants reviewed the written case vignette and made a provisional diagnosis using five key words or less in an open field text box.
Task two: Participants then completed the ACT tool. This appeared to them as a series of three questions with free text boxes in which the participant could identify up to two alternative diagnoses, identify one consequence of missing the provisional and each alternative diagnosis (e.g. a consequence of missing a diagnosis of aortic dissection would be death), and identify any missing evidence or inconsistent information (traits) related to the provisional diagnosis.
Task three: Participants were asked to state a final diagnosis, which could be the initial (provisional) diagnosis, any of the alternative diagnoses, or a diagnosis that was not previously listed.
Data collection and scoring
Subject matter experts led by JS developed a scoring rubric which was applied in four previous studies using written cases [25, [27] [28] [29] . Using this same rubric, the provisional and final diagnoses were scored as correct or incorrect (1 or 0) by SM and MK. All responses using the ACT diagnostic checklist were scored by MK (senior emergency medicine resident) based on clinical appropriateness (see Supplementary material, Appendix B).
Alternatives were scored 0 for no alternatives offered, and 1 for each plausible alternative.
Consequences were scored overall between 0 and 3. A score of 3 could be achieved by providing three reasonable consequences related to missing the provisional diagnosis and missing the two alternative diagnoses. Consequences and alternatives were scored independently.
The traits were scored 0 for no evidence provided and a score of 2 for providing two plausible data that were missing or contradicted the provisional diagnosis.
An additional score was assigned for the severity of each listed consequence ranging from 0 (not severe) to 3 (very severe). A score of 3 was given to any condition that is acutely life or limb threatening, requires emergent medical or surgical intervention, or results in a permanent disability. A score of 1 was given to any condition that could be managed non-urgently and would not require immediate attention by a physician. A score of 2 was assigned to anything that fell in between these two definitions.
To summarize, this study produced the following sets of responses for analysis: (a) accuracy scores for provisional and final diagnoses (out of 1), (b) accuracy scores for ACT responses: alternative diagnoses (out of 2), consequences (out of 3) and traits (out of 2), and (c) severity rating per consequence (out of 3).
Analysis
To determine if the decision to revise a diagnosis was related to responses to the ACT protocol questions, the average ACT scores and the severity scores of the consequences were submitted to a binary logistic regression analysis with the binary outcome of a decision to revise or retain a provisional diagnosis. Additionally, we explored if average ACT scores varied with the decision to revise, or the accuracy of the provisional diagnosis. We conducted two separate multivariate analysis of variance (ANOVA). In the first analysis, the accuracy of the provisional diagnosis was a betweensubjects factor and the three ACT scores were dependent variables. In the second analysis, the decision to revise or retain was a between-subjects factor and the three ACT scores were dependent variables.
Results
Recruitment was stopped after 17 participants; not all participants completed all eight cases. Eight participants were recruited online and nine were recruited in person. Only scores for completed cases were included in the analysis. A total of 105 cases were completed (Table 1) .
Relationship between ACT protocol and the decision to revise
The binary logistic regression analysis revealed that three scores derived from the ACT protocol were associated with the decision to revise: severity rating of the consequence for missing the provisional diagnosis, the overall percent correct for identifying consequences, and the overall percent correct for identifying missing evidence or traits. The other three factors were not significant predictors. The overall model was significant (χ The average score for consequences was also a significant factor (OR = 0.04, 95% CI = 0.0-0.56), with a β = −3.15 suggesting that the overall ability to identify correct consequences was more strongly related to the decision to retain a diagnosis (Wald = 5.76, p < 0.05). These findings replicate those of Monteiro et al. [29] .
Finally, the average score for traits was a significant factor (OR = 14.51, 95% CI = 1.95-107.98), with a β = 2.68 suggesting that the identification of correct missing or inconsistent evidence in the case was associated with decisions to revise (Wald = 6.82, p < 0.01).
Analysis of individual ACT tool sections Alternatives
Two alternative diagnoses were provided in 90% of cases, but they were not always appropriate. Only 47 diagnoses were accompanied by two correct alternatives. This translates into an overall percent correct score for alternatives of 66%, SD = 34%. There was no relationship detected between the score for alternatives and the decision to revise (p > 0.8). The low score for alternatives indicated a limited ability to consider multiple unrelated diagnoses or consequences of missing them. When provisional diagnoses were revised, the percent correct for alternatives was about the same (67.9%) as when the provisional was retained (65.9%). When provisional diagnoses were correct, the alternatives identified were slightly more accurate (70.5%) compared to when they were incorrect (61.2%), but this was not significant.
Consequences
The percent correct for all three consequences was 84%, SD = 28%. The percent of accurate consequences was higher (87.2%) when provisional diagnoses were retained than when revised [66.7%, F (1103) = 6.8, p < 0.01]. We explored this further using descriptive statistics. On 75 out of 105 responses, the score for consequences was 100% (that is participants indicated three correct consequences for the provisional and two alternatives). When participants had a perfect score for consequences, 68 out of 75 diagnoses were retained.
Traits
The percent correct for contradictory evidence (T) was 32%, SD = 36%. Percent correct for traits was low (29%) when diagnoses were retained, compared to 57% when diagnoses were revised [F (1103) = 8.2, p < 0.01], suggesting this evidence may have served to cast doubt on the provisional diagnosis. Conversely, accuracy for detecting contradictory evidence was higher when the provisional diagnosis was incorrect (38%) than when it was correct (28%), but this was not significant (p = 0.2).
Relationship between ACT protocol and accuracy of the final diagnosis
A binary logistic regression examining the ACT scores and the final diagnostic accuracy did not identify a predictive factor as none of the variables in the equation were significant. However, there was a marginal relationship between correctly detecting contradictory evidence (i.e. traits) and providing a correct diagnosis (p = 0.07).
The three-point ACT checklist was ineffective as an error reduction tool. The accuracy of the diagnosis was identical for both provisional and final diagnoses (0.53, SD = 0.50). Overall, 49 out of 105 provisional diagnoses were incorrect, with only 14 attempted corrections and no reduction of errors. The number of revisions that resulted in increased accuracy was equal to the number that resulted in decreased accuracy. Table 1 describes the count of changes made and the direction of the change (i.e. correct or incorrect).
Discussion
It has been suggested that taking the time to reflect on a diagnosis in a structured manner can improve selfcorrection of diagnostic error [8, 26] . To date, there has been little evidence in support of this proposal [11] . One reason for the low success is that studies also demonstrate a reluctance to revise a provisional diagnosis [25, 29] . Specifically, Monteiro and colleagues demonstrated that the decision to revise occurs on an individual case basis, is not determined by individual physician's experience or knowledge, and does not typically lead to improved diagnostic accuracy [25] .
The goal of the current study was to evaluate whether an abbreviated diagnostic checklist (ACT) can illuminate the relationship between features of a patient case and the decision to revise a provisional diagnosis. Critically, the goal of the study was not to evaluate individual physician's diagnostic accuracy or tendencies to revise a diagnosis when applying analytic reasoning; these have already been explored in other studies [25, [27] [28] [29] . The goal was to evaluate the impact of specific items in the diagnostic checklist on the decision to revise as well as on overall accuracy.
The scores derived from the ACT tool ranged from around 33% on the detection of traits (indicating junior residents may need training on detecting contradictory clinical features) to 84% on the identification of consequences (suggesting participants had much stronger knowledge about the clinical attributes of competing conditions). Notably, there were relationships detected between the participants' accuracy for identifying contradictory information and the decision to revise a provisional diagnosis. This finding highlights the potential beneficial characteristic of reflective protocols that specifically instruct participants to identify inconsistent information within patient cases [13] [14] [15] 21] .
When a provisional diagnosis was incorrect, participants were more likely to accurately detect contradictory evidence, and more likely to attempt a revision. However, the lack of improvement in diagnostic accuracy would suggest that participants were not able to self-correct even in the face of this evidence. An important aspect of diagnostic reasoning that still needs exploration is the ability to re-examine a case or seek additional input once doubt has been identified. The somewhat low scores for identifying alternatives (66%) offer a possible explanation -that participants were unable to identify a reasonable alternative 33% of the time. These missed opportunities may be a reasonable estimate of the source of diagnostic error; a limited ability to generate accurate diagnostic hypotheses restricts the potential for self-correction [24, 25, 29] .
This study is best understood in the context of process-based strategies to reduce diagnostic error. Providing diagnosticians with a structured process, whether simple as in this study, or more complex as used by Mamede and colleagues, may provide little to no advantage at point of care. What is most promising about the results of this study, however, is the potential to use this simplified diagnostic checklist as an assessment or training protocol. Trainees may be encouraged to consider using the ACT protocol with practice cases to help activate and structure their knowledge as it pertains to medical diagnosis. Additionally, trainees may benefit from using the protocol in the workplace to identify potential sources of doubt, prompting them to seek a second opinion or additional advice.
There was also a positive relationship between the perceived severity of consequences for missing the provisional diagnosis and the decision to revise the provisional diagnosis; for increasing perceived severity, more diagnoses were revised. This finding may be consistent with medical training that emphasizes attention to "can't miss" diagnoses; if participants felt that the more severe diagnosis had to be pursued in order to rule it out, this may have also affected the decision to revise. It is possible that the perception that serious consequences are more likely for missing one diagnosis than others may encourage a physician to commit more strongly to that diagnosis.
Limitations
There are several limitations to this study. The major limitation, which is true for any point-of-care diagnostic checklist, is that there is no reasonable way to force each individual to reason in a standard manner. We cannot be assured that our participants were answering the ACT questions in the same order all the time and whether that impacted their answers at all. However, this would be a limitation of real practice as well; thinking cannot be standardized. A second major limitation of the paper is that the scores of the ACT responses were done by one provider with broadly specified criteria ("based on clinical appropriateness"); these factors limit the replicability of these results. In addition, there was no control group and it is possible that some other factor besides the ACT tool led to participants' decisions. Finally, it was not possible to force all participants to spend an equal amount of time on each case or to complete all the cases.
Conclusions
Simplistic or brief point-of-care error reduction strategies do not appear to be effective. Future work should focus on improving the acquisition and integration of knowledge and experience [11, 12, 24, 25, 29, 30] . This is particularly important during the transition toward more independent practice for junior emergency medicine residents. Although the ACT tool did not affect diagnostic accuracy, it may be a useful teaching tool at the bedside, particularly when staff are reviewing with junior residents and developing an assessment and plan for their patients.
